wo 2004/059314 



PCT/EP2003/014946 



1 

PISTON AND SGRAPER ASSEMBLY 
Field of the Invention 

The present invention relates to piston and scraper assraibUes, for high-pressure 
5 chromatography columns, of the type mentioned in the preambles of the independent claims. 

PriorArt 

In high-pressure chromatographic colunms, a piston is often arranged movably in the 
chromatography column in order to allow the chromatography medium to be compressed and 

10 . consolidated by the piston. In this way a substantially homogeneous bed of separation 

medium can be obtained. A problem which occurs during compression of the medium is that 
abrasive medium particles can become trapped between the sides of the piston and the column 
wall. These particles not only damage the cylinder walls but can also damage the piston seals. 
US 5 169522 describes a high pressure chromatography column with a piston movable in tiie 

15 chromatography cylinder in which the head of the piston is provided with a ftit holder which 
si^ports a cylinder wall server. The purpose of the scraper is to move packing media ahead 
of the piston in order to prevent the packing media from reaching the sealing O-rings on the 
piston wall. The server is in the form of a ring with an intemal thread with co-operates with a 
externally threaded portion of the frit holder. A problem with this prior art device is that in 

20 order to prevent packing media from passing the scraper, the gap between the scraper and the 
cylinder wall must be smaller than the diameter of media particles. This requires very fine, 
and ^qpensive, machining tolerances and surface finishes on both flie scraper and the cylinder 
wall. Additionally, the scraper is unable to prevent the liquid Scorn coming into contact with 
the sealing O-rings on the piston wall. This is a problem if the O-rings are not resistant to the 

25 liquids used in the colmnn, such as cleaning liquids or process liquids. 

Surmnary of the Invention 

According to the present invention, at least some of the problems with the prior art are solved 

by means of a piston and scraper assembly having the features presentin the characterising - 

30 partof claim 1. 
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Brief Description of ttie Figures 

Figure 1 shows a schematically cross-section thougji a portion of a chromatography column 
provided with a piston and scraper assCTibly in accordance with a fibrst embodiment of the 
present invention; 

Figure 2 shows an enlargement of a portion of the piston and scraper assembly from figure 1; 
and. 

Figure 3 shows an enlargement of a portion of a second embodiment of a piston and scraper in 
accordance witii the present invention. 

Detailed Description of Embodiments Illustrating the Invention 

Figures 1 and 2 show schematically a portion of a chromatography column I. Column 1 
comprises a cylindrical cylinder wall 3 of internal diameter 0C. A movable, stepped, 
cylindrical piston 5 closes one end of column IJPiston 5 has a front, first face 7 which is 
intended to face the s^aration media during use and which is provided with a collecting 
space 9 for liquid in the column L A tiirough hole 1 1 extends through piston 5 and connects 
collecting space 9 with a fluid line 13 connectable to fiie rear, second fece 15 of piston 5. First 
face 7 and a first portion 17 of length LI of piston 5 has a diameter 01 which is less that the 
diameter 02 of second face 15. The diameter 02 of second face 15 and the remaining length 
L2 of piston 5 is suflBciently less than the internal diameter 0C of cylinder wall 3 so as to 
allow the piston to move fireely up and down column 1 . Collecting space 9 is covered by a 
liquid pemieable plate 19 which allows liquid fi^om the inside of the column 1 to flow into the 
collecting space 5 in the collecting space 9 but which prevents bed media from passing into 
the collecting space 9. 

Piston 5 has spaced first and second annular grooves 21, resp. 23, provided in its cylindrical 
surface of diameter 01- First annular groove 21 is a small distance dl from the first face 7 and 
second groove 23 fiirther away from flie first face at a distance d2 from first groove 21 . First 
and second groove 23 are a depth Dl mm deep and have a square cross-section. The step 24 
in flie diameter of the cylindrical piston surface from diameter 01 to diameter 02 at distance 
LI from the first face 7 of the piston is ftirther away from the first face than d2. 
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A scraper 25 is attachable to the first portion 17 of piston 5 and together they form a piston 
and scraper assembly 26. Scraper 25 is in the form of a ring with an L-shaped cross-section. 
The base 27 of the L-shaped server 25 is intended to extend firom the column wall 3 towards 
the centre of the column far enouglh that it overl^s plate 19 and thereby can retain plate 19 on 

5 piston 5, leaving a central opening of diameter 0s. The back 29 of the L-shaped sorter 25 is 
intended to fit between the in the first portion 17 of the piston and the cylind^ wall and 
extends in the longitudinal direction of the column from the liquid permeable plate 19 towards 
step 24. The length of back 29 is chosen such that back 29 does not come into contact with 
step 24 when correctly fitted, as if it was longer this could prevent scraper 25 being correctly 

10 fitted onto piston 5 if any foreign material was present on step 24. 

Scraper 25 is intended to scrape the cylinder wall 3 and base 27 is provided with a lip 31 on 
its outer face 33. The diameter of Up 31 is chosen so that it is in scraping contact with cylinder 
wall 3 when fitted to a piston 5 inside a colunm 1, so lip 31 may be made of a resiUent 

15 material and can have an uncompressed diameter which is greater than the internal diameter 
0C of cylinder 3. Preferably lip 31 is arranged at join between the outer face 33 and the end 
face 34 of base 27 which feces away from piston 5. A flange 35 of an outer diameter 0F such 
that it is in contact with cylinder wall 3 is provided at an intermediate position on back 29. 
Flange 35 is provided at a position on back 29 which overl^s second groove 23. The outer 

20 face 33 tapers inwards firom lip 31 to the base of flange 35, leaving a gap 36 between the outer 
face 33 and the cylinder wall 3, 

The iimer face 37 of the *T>ack" of the L-shape of scraper 25 has a diameter 0S which is a 
sliding fit on first portion 17 of piston 5 and is provided with a complementary sealing and 
25 locking groove 39 of depth D2 mm at a position which is opposite second annular groove 23 
when scraper 25 is correctly moxmted to piston 5. The iimer face 37 is preferably tapered at its 
end 41 fiirthest from the base 27 in order to facilitate mounting scr^qper 25 onto piston 5. 

First annular groove 21 contains sealing means such as a sealing rinig, e.g. an O-ririg 43. The 
30 dimensions of O-ring 43 are chosen such that when scraper 25 is correctly mounted then O- 
ring 43 prevents the passage of liquid and bed media between first portion 17 and scraper 25, 
thereby preventing the bed media from abrading the wall of the piston and the iimer surface of 
the scraper. Preferably the thickness of O-ring 43 is 10%-50% greater than the depth Dl. 
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Preferably the dimensions and elasticity of Oring 43 are chosen so that it also pushes lip 31 
against the cylinder wall 3, thereby preventing liquid and bed media from entering the gap 36 
between the out^ face 33 and the cylinder wall 3. 

S Second groove 23 contains resilient locking, sealing and biasing means such as a sealing ring, 
e.g. an O-ring 45. The dimensions of O-iing 45 are chosen such that when scraper 25 is 
correctly mounted with sealmg and locking groove 39 opposite second annular groove 23 
ttien 0*ring 45 extends into sealing and lockmg groove 39 vnth sufQcient force to prevent 
scraper 25 being pulled off piston 5 during normal use once it has been inserted into column 

10 1 . Preferably the thickness of O-ring 45 is between 10% and 100% greater than the combined 
depths Dl + D2. O-ring 45 is also dimensioned, and its elasticity chosen, so as^to seal 
between first portion 17 and scraper 25 as well as to push flange 35 with sealing force against 
cylinder wall 3, thereby preventing media ent^ing between piston 5 and cylinder wall 3. 

15 The scn5)er and piston assembly 26 can be assembled in the foUoAving way: 

resdlient lockmg, sealing and biasing means 45 is fitted into second groove 23 lockmg and 
sealing groove 39; 

sealing means 43 are fitted into first groove 21; 
plate 19 is positioned on first face 7; 

20 scraper 25 is positioned with tapered end 41 against first face 7 and then pushed towards 
second face 15 of piston 5. As scraper 25 travels towards second face 15 its inner face 37 
compresses sealing means 43 and locking, sealing and biasing means 45 until sealing and 
locking groove 39 on scraper 25 moves to a position opposite second groove 23. At this point 
resilient locking, sealing and biasing means 45 which had been compressed into second 

25 groove 23 by scraper inner face 37 expands into sealing and locking groove 39. This acts as a 
snap lock to hold scraper 25 onto piston 5. 

Outside of the colunm 1, the piston and scraper assembly 26 is demountable by pulling 
scraper away firom piston 5 - as iscraper 25 is not radially constrained it can expand slightly to 
30 ease the passage of its inner face 37 over lockings sealing and biasing means 43. However, 
once the piston and server assembly is fitted into column 1 then the scraper is radially 
constrained by the cylinder waJl 3 and it more difficult to pull scraper off piston 5. Preferably 
the materials used in the manufacture of scraper, piston and locking, sealing and biasing 
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means 43 and the dimensions chosen for their designs are selected so that during normal use 
scraper 25 caimot be removed from piston 5 when inside a column 1. 

In this way, a scraper and piston assembly is provided which seals reliably, which is easy to 
S assemble but which is secure against unwanted disassembly during use. 

A second embodiment of a piston and scraper assembly 26* in accordance with the present 
invention is shown in figure 3. The same reference numbers are used for features which 
correspond to the features shown in figures 1 and 2. This piston and scraper assembly 26' is 

10 provided with a single groove 23' in the piston 5 which receives a locking, sealing and 

biasing means 43. This embodiment does not provide such good sealing against liquid coming 
into contact with locking,, sealing and biasing means 43 as the first embodiment of the 
present invention does, but is cheaper to manufacture. It is more suitable for short duration 
use, and may be disposed of after a short period of use, as the locking, sealing and biasmg 

15 means 43 may be attacked by the liquid used in fhc column and wear out quickly. 

Preferably scraper 25 is manufactured from a polymer material which is resistant to the fluids 
used during running, and cleaning of chromatography columns. Preferably the scraper 
material is sufficiently elastic for the scnqper to be snap*fitted onto the piston. The piston may 
20 also be made from a polymer material; Suitable materials are, for example, PEHD and PTFE, 
optionally reinforced with fibres, e.g. glass fibres or carbon fibres. 

While the embodiments of the present invention have been illustrated with examples in which 
the grooves have square cross-sections, other shaped cross-sections such as rectangular, semi- 
25 circular, tapered, etc are naturally also possible. The sealing rings may conceivably have 
cross-sections which are not round, such as X, V, oval, etc. 

The above mentioned embodiments are intended only to illustrate the present invention and 
are not intended to limit tiiie scope of protection claimed by the following claims. 

30 



